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Provided 1s a multilayered thin film transparent electrode for
an electrochromic device including: a substrate; a lower
oxide layer located on the substrate; a metal layer located on
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the metal layer, and a thickness of a center portion of the
metal layer 1s larger than a thickness of an edge.
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MULTILAYERED THIN FILM
TRANSPARENT ELECTRODE FOR
ELECTROCHROMIC DEVICE AND

MANUFACTURING METHOD THEREOFK

TECHNICAL FIELD

The present invention relates to a multilayered thin film
transparent electrode for an electrochromic device, and more
particularly, to a multilayered thin film transparent electrode
for an electrochromic device for improving a large area
performance uniformity and a manufacturing method
thereof.

BACKGROUND ART

A transparent electrode 1s a component which 1s basically
required for a resistive film type or an electrostatic induction
type touch screen 1n addition to an electrode for a display
applied to an LCD or an OLED. Further, the transparent
clectrode 1s used not only for an organic solar cell, but also
for a light receiving element or a light emitting element.
Further, a large size transparent electrode 1s also used for a
smart window which 1s an electrochromic glass. In addition,
there 1s a wide range of purposes such as a transparent film
requiring an electromagnetic wave shielding function and a
transparent glass to which the transparent film 1s applied.

A representative transparent electrode which 1s commer-
cialized until now 1s indium tin oxide (ITO) which 1s thinly
coated on an optical glass. Generally, the ITO transparent
clectrode 1s manufactured by forming an electrode material
including I'TO powder particles on a glass substrate as a thin
film through a process such as sputtering or digital printing.
The I'TO transparent electrode has an advantage that satisfies
performance requirements as a transparent electrode 1n most
clectrical products such as a touch screen.

However, the I'TO transparent electrode has disadvantages
such as a resistivity by a transparent electrode layer, a
resistivity of an electrochromic material, and a slow elec-
trochromic speed due to slow diffusion speed of metal 1ons
into an electrochromic material layer. Therefore, there are
disadvantages 1n that 1t 1s necessary to use expensive mate-
rials and i1t 1s disadvantageous to increase the size.

Therefore, 1t 1s necessary to develop higher eflicient
transparent electrodes for production of low-cost and large-
area electrochromic devices.

As a related art, there 1s Korean Unexamined Patent
Application Publication No. 10-2018-0000181 (entitled

Multilayer transparent electrode and manufacturing method
thereot, published on Aug. 28, 2018).

DISCLOSURE
Technical Problem

An object of the present invention 1s to provide a multi-
layered thin film transparent electrode for an electrochromic
device with a structure 1n which a thickness of a center
portion 1s larger than that of an edge to achueve a uniform
clectrochromism speed and improve large area performance
uniformity.

Technical problems of the present invention are not
limited to the above-mentioned technical problem(s), and
other technical problem(s), which are not mentioned above,
can be clearly understood by those skilled 1n the art from the
following descriptions.
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Technical Solution

A multilayered thin film transparent electrode for an
clectrochromic device according to an exemplary embodi-
ment of the present invention includes a substrate, a lower
oxide layer located on the substrate, a metal layer located on
the lower oxide layer, and an upper oxide layer located on
the metal layer and a thickness of a center portion of the
metal layer 1s larger than a thickness of an edge.

Further, according to the exemplary embodiment of the
present invention, the metal layer may be formed of one
single metal or an alloy of two or more selected from Ag, Au,
11, N1, Mo, Cu, and Al.

Further, according to the exemplary embodiment of the
present invention, the lower oxide layer and the upper oxide

layer may be formed of one single metal or an alloy of two
or more metals selected from T1, Ga, Al, Ge, As, Cu, Mn, Zr,
Nb, Ru, Hf, Zn, Sr, Ba, Fe, Ag, In, Re, Cr, N1, Mo, V, W, Mg,
S1, Sn, and Ta.

Further, according to the exemplary embodiment of the
present mvention, thicknesses of the lower oxide layer and
the upper oxide layer may be 10 to 1000 nm and a thickness
of the metal layer may be 1 to 200 nm.

Further, according to the exemplary embodiment of the
present invention, the edge of the metal layer may be located
on the same line as an edge of the lower oxide layer.

Further, according to the exemplary embodiment of the
present mvention, the metal layer may include first to n-th

metal layers in this order and satisty the following Equation
1.

Area of upper portion of #-2-th metal layer>Area of
upper portion of x#-1-th metal layer>Area of

upper portion of #-t7 metal layer [Equation 1]

(n 1s a natural number which 1s equal to or larger than 3)

Further, according to the exemplary embodiment of the
present invention, a side surface of the metal layer may be
formed to have a step shape.

Further, according to the exemplary embodiment of the
present invention, the first to n-th metal layers may have the
same thickness.

Further, according to the exemplary embodiment of the
present invention, the multilayered thin film transparent
clectrode for an electrochromic device may further include
a refractive index matching layer in a structure of the
multilayered thin film transparent electrode.

Further, a manufacturing method of a multilayered thin
film transparent electrode for an electrochromic device
according to an exemplary embodiment of the present
invention includes: preparing a substrate, forming a lower
oxide layer on the substrate, forming a metal layer in which
a thickness of a center portion 1s larger than that of an edge,
on the lower oxide layer, and forming an upper oxide layer
on the metal layer.

Further, according to the exemplary embodiment of the
present invention, the manufacturing method of a multilay-
ered thin film transparent electrode for an electrochromic
device may further include a heating step of 50 to 900° C.
alter performing the forming of an upper oxide layer on the
metal layer.

Advantageous Eflects

According to an exemplary embodiment of the present
invention, in a metal layer of the multilayered transparent
electrode for an electrochromic device, the thickness i1s

increased from an edge to a center portion thereot so that the
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resistivity 1s lowered toward the center portion, and thus the
clectrochromism at the center portion may more rapidly
OCCUL.

According to the exemplary embodiment of the present
disclosure, the electrochromism difference between the edge
portion and the center portion 1s reduced and a rapider

clectrochromic reaction speed when the area 1s increased
may be expected.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view of a multilayered thin film
transparent electrode for an electrochromic device according,
to an exemplary embodiment of the present invention.

FIG. 2 1s a cross-sectional view taken along the line a-a'
of FIG. 1.

FIG. 3 1s a perspective view of a multilayered thin film
transparent electrode for an electrochromic device according,
to another exemplary embodiment of the present invention.

FIG. 4 1s a cross-sectional view taken along the line b-b'
of FIG. 3.

FIG. 5 1s an exploded perspective view of a metal layer
according to an exemplary embodiment of the present
invention.

FIG. 6 1s a cross-sectional view of a multilayered thin film
transparent electrode for an electrochromic device including
metal layers having different thicknesses, according to
another exemplary embodiment of the present invention.

FI1G. 7 1s a cross-sectional view of a multilayered thin film
transparent electrode for an electrochromic device further
including a refractive index matching layer, according to
another exemplary embodiment of the present invention.

FIG. 8 1s a flowchart illustrating a manufacturing method
of a multilayered thin film transparent electrode for an
clectrochromic device according to an exemplary embodi-
ment of the present mnvention.

FIG. 9 15 a flowchart 1llustrating a manufacturing method
of a multilayered thin film transparent electrode for an
clectrochromic device using a deposition process according
to an exemplary embodiment of the present invention.

FI1G. 10 1s a flowchart illustrating a manufacturing method
of a multilayered thin film transparent electrode for an
clectrochromic device using an etching process according to
another exemplary embodiment of the present invention.

FI1G. 11 15 a graph 1llustrating a change in transmittance of
a multilayered thin film transparent electrode for an elec-
trochromic device 1 accordance with a thickness change of
a metal layer, according to an exemplary embodiment of the
present mvention.

FIG. 12 1s a graph illustrating a change in electrical
characteristics of a multilayered thin film transparent elec-
trode for an electrochromic device 1in accordance with a
thickness change of a metal layer, according to another
exemplary embodiment of the present invention.

DESCRIPTION OF MAIN REFERENC.
NUMERALS OF DRAWINGS

(L]

10: Multilayered thin film transparent electrode for elec-
trochromic device
100: Substrate

200: Lower oxaide layer
300: Metal layer

310: n-th metal layer
320: n-2-th metal layer
330: n—-1-th metal layer
340: n-th metal layer
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400: Upper oxide layer
500: Refractive index matching layer

BEST MODE

Advantages and/or characteristics of the present invention
and a method of achieving the advantages and characteris-
tics will be clear by referring to exemplary embodiments
described below 1n detail together with the accompanying
drawings. However, the present disclosure 1s not limited to
the following exemplary embodiments but may be imple-
mented 1n various different forms. The exemplary embodi-
ments are provided only to complete disclosure of the
present disclosure and to fully provide a person having
ordinary skill in the art to which the present disclosure
pertains with the category of the disclosure, and the present
disclosure will be defined by the appended claims. Like
reference numerals indicate like elements throughout the
specification.

A transparent electrode 1s a component which 1s basically
required for a resistive film type or an electrostatic induction
type touch screen 1n addition to an electrode for a display
applied to an LCD or an OLED.

FIG. 1 1s a perspective view of a multilayered thin film
transparent electrode for an electrochromic device according,
to an exemplary embodiment of the present invention and
FIG. 2 1s a cross-sectional view taken along the line a-a' of
FIG. 1.

As 1llustrated i FIGS. 1 and 2, the multilayered thin film
transparent electrode for an electrochromic device includes
a substrate 100, a lower oxide layer 200, a metal layer 300
formed on the lower oxide layer 200, an upper oxide layer
400 formed on the metal layer 300 and a thickness of a
center portion of the metal layer 300 1s larger than a
thickness of an edge.

Such a multilayered thin film transparent electrode for an
clectrochromic device 1s a component which 1s basically
required for a resistive film type or an electrostatic induction
type touch screen 1n addition to an electrode for a display
applied to an LCD or an OLED. Further, the transparent
clectrode 1s used not only for an organic solar cell, but also
for a light receiving element or a light emitting element.
Further, a large size transparent electrode 1s also used for a
smart window which 1s an electrochromic glass. In addition,
there 1s a wide range of purposes such as a transparent film
requiring an electromagnetic wave shielding function and a
transparent glass to which the transparent film 1s applied.

The multilayered thin film transparent electrode for an
clectrochromic device has a structure in that the substrate
100, the lower oxide layer 200, the metal layer 300, and the
upper oxide layer 400 are sequentially disposed. That 1s, the
oxide layers are disposed with the metal layer 300 therebe-
tween on and below the metal layer 300 so that a multilay-
ered structure of the oxide/metal/oxide 1s formed.

The substrate 100 1s a transparent substrate formed of
glass or a plastic matenal.

Specifically, the plastic matenal 1s formed of a material
having excellent transmittance for visible ray and excellent
flexibility against the physical deformation. For example,
the plastic material may be formed of a plastic film layer
such as polyethylene terephthalate (PET), polypropylene
(PP), or polyethylene (PE) or a plastic sheet formed of
acrylic resin. Further, the glass material may be formed of
heat strengthened glass used for a display. The substrate may
have a thickness of 20 to 700 um depending on a usage
purpose and requirements. The transparent substrate 100
may have visible ray transmittance of 80% or higher.
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The lower oxide layer 200 and the upper oxide layer 400
are formed by oxidizing a single metal or an alloy. For
example, one single metal or an alloy of two or more metals
selected from T1, Ga, Al, Ge, As, Cu, Mn, Zr, Nb, Ru, Hf, Zn,
Sr, Ba, Fe, Ag, In, Re, Cr, N1, Mo, V, W, Mg, S1, Sn, and Ta
1s oxidized to form the oxide layers.

For example, the oxide layer may be formed by oxidizing
an alloy containing tungsten (W) and titanium (T1) and 1n
this case, 45 to 55 wt % of tungsten and 45 to 55 wt % of
titanium may be contained based on a total weight of the
alloy. That 1s, the oxide layer may be formed by an alloy
consisting only of tungsten and titanium.

Next, the metal layer 300 may be formed of a signal metal
or an alloy of two or more metals selected from Ag, Au, Ti,
Ni, Mo, Cu, and Al.

Thicknesses of the lower oxide layer 200 and the upper
oxide layer 400 are 10 to 1000 nm and a thickness of the
metal layer 300 1s 1 to 200 nm.

In this case, the thickness of the metal layer 300 1nflu-
ences the electrical characteristic and the transmittance of
the multilayered thin film transparent electrode 10 for an
clectrochromic device and 1s optimized with a thickness of
1 to 200 nm. Specifically, a wavelength range of light which
1s highly transmitted at 80% or higher varies depending on
the thickness which varies so that the thickness of the metal
layer 300 may be selectively determined in consideration of
the wavelength of light 1n the above-described range. How-
ever, the thickness of the metal layer 300 1s not necessarily
limited to the above-described range, so that the metal layer
300 may be formed to have various thicknesses depending
on a material, the lower oxide layer 200, and the upper oxide
layer 400.

Further, the lower oxide layer 200 and the upper oxide
layer 400 basically serve to improve the transmittance by
reducing the reflection and the refractive mndex of light by
the metal layer 300 and serve to protect the metal layer 300
which may be easily oxidized. Further, the thicknesses
thereot also mfluence the transmittance, like the metal layer
300, so that 10 to 1000 nm of thickness 1s appropriate to
ensure an optimal transmittance. However, the thicknesses
are not necessarily limited thereto and various thicknesses
may be selected 1n consideration of a material, a thickness,
and a usage condition of the lower oxide layer 200, the metal
layer 300, and the upper oxide layer 400.

In the meantime, the lower oxide layer 200 and the upper
oxide layer 400 are transparent oxides having a bandwidth
of 3 ¢V or higher. The lower oxide layer 200 and the upper
oxide layer 400 need to be a transparent electrode material
having transmittance of approximately 80% 1in a visible ray
region (400 nm to 700 nm) and having a high electric
conductivity of 1073/€Q2-cm. Since an optical bandwidth is
approximately 3.5 eV, the oxide layers need to transmit all
ultraviolet regions and have a high reflectivity 1in an infrared
region and an appropriate etching property.

Further, the metal layer 300 has a plasmon phenomenon
at an 1nterface with the lower oxide layer 200 and the upper
oxide layer 400. The intertacial plasmon phenomenon 1s a
collective oscillation phenomenon of surface free electrons
occurring on a surface of a metal thin film or nano particles.
The light passes through the metal particles by the collective
oscillation phenomenon of free electrons to appear trans-
parent, which results in improvement of transmittance 1n a
specific wavelength region. Specifically, the transmittance
of the multilayered thin film transparent electrode for an
clectrochromic device may be 80% to 90%.

As described above, the metal layer 300 of the present
invention 1s characterized 1n that a thickness of the center
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portion 1s larger than that of the edge and the thickness 1s
increased from the edge to the center portion. The edge of
the metal layer 300 may have a predetermined height hl and
the center portion of the metal layer 300 has a predetermined
height h2 which 1s larger than the height hl of the edge of
the metal layer 300 and 1s smaller than a height h3 of the
upper oxide layer 400. In other words, the metal layer 300
may have a quadrangular pyramid shape 1in which the edge
has a predetermined height h1 but 1s not limited thereto and
may have a conical shape, a tnangular pyramid shape, or
other polygonal pyramid shapes.

Specifically, the electrical characteristic of the transparent
clectrode having the oxide/metal/oxide structure 1s directly
influenced by the thickness of the intermediate material
layer 300. When the transparent electrode has a structure
according to the exemplary embodiment of the present
disclosure, the center portion has an excellent electrical
characteristic that the resistivity 1s lower than that of the
edge, which may result 1n improvement of a degree of
discoloration of electrochromism and a speed thereof.

Further, the edge of the metal layer 300 of the present
invention 1s located on the same line as the edge of the lower
oxide layer 200.

Specifically, an area of the lowermost portion of the metal
layer 300 1s equal to an area of the upper portion of the lower
metal layer 200 and the lowermost portion of the metal layer
300 1s exposed to the outside with a predetermined height
h1. In this case, there are advantages 1n that the connection
between the metal layer 300 and the filament 1s easy and a
surface contact 1s possible so that a contact resistance may
be reduced. However, the present invention 1s not limited to
the above-described exemplary embodiment and when the
metal layer 300 1s not exposed to the outside, the connection
through a line contact may also be included.

FIG. 3 1s a perspective view of a multilayered thin film
transparent electrode for an electrochromic device according,
to another exemplary embodiment of the present invention,
FIG. 4 1s a cross-sectional view taken along the line b-b' of
FIG. 3, and FIG. § 1s an exploded perspective view of a
metal layer according to an exemplary embodiment of the
present mvention.

As 1llustrated 1n FIGS. 3 and 4, the metal layer 300
includes first to n-th metal layers in this order and satisfies
the following Equation 1.

Area of upper portion of #-2-th metal layer>Area of
upper portion of #—1-th metal layer>Area of

upper portion of #-th metal layer [Equation 1]

(n 1s a natural number which 1s equal to or larger than 3)
Further, a side surface of the metal layer 300 1s formed to
have a step shape and first to n-th metal layers have the same
thickness.
The area of the metal layer 300 satisfies the following
Equation 2.

(Area of upper portion of »—1-#k metal layer)/(Area

of upper portion of #-th# metal layer)=C [Equation 2]

(n 1s a natural number which 1s equal to or larger than 3 and
C 1s a constant)

Specifically, the metal layer 300 includes first to n-th
metal layers 1n this order. Here, n denotes the number of
layers of the metal layer 300 and i1s desirably a natural
number which 1s equal to or larger than 3.

The metal layer 300 may include an n-3-th metal layer
310, an n-2-th metal layer 320, an n-1-th metal layer 330,
and an n-th metal layer 340 1n this order and when n 1s 4, the
n-3-th metal layer 310 may be a first metal layer 310.
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As 1llustrated 1n FI1G. §, an area of the metal layer 300 may
be reduced at a predetermined rate as the height 1s increased.
Specifically, the area may be represented as follows.

(Area S1 of upper portion of first metal layer)/(Area
S2 of upper portion of second metal layer)=
(Area S2 of upper portion of second metal

layer)/(Area S3 of upper portion of third metal

layer)=(Area S3 of upper portion of third metal
layer)/(Area S4 of upper portion of fourth metal

layer)

(when n 1s 4)

An effect of saving the cost for a manufacturing process
may be obtained by the simplified structure characteristic
and excellent discoloration speed and discoloration difler-
ence may be obtained as compared with the electrochromic
device using a normal transparent electrode of the related
art.

FIG. 6 1s a cross-sectional view of a multilayered thin film
transparent electrode for an electrochromic device including
metal layers having different thicknesses, according to
another exemplary embodiment of the present invention.

As 1llustrated 1n FIG. 6, thicknesses of the first to n-th

metal layers may satisty the following Equation 3.

Thickness of #-2-th metal layer<Thickness of #-1-

th metal layer<Thickness of »-t4 metal layer [Equation 3]

(n 1s a natural number which 1s equal to or larger than 3)
The metal layer 300 may include an n-3-th metal layer
310, an n-2-th metal layer 320, an n—-1-th metal layer 330,
and an n-th metal layer 340 1n this order and when n 1s 4, the
n-3-th metal layer 310 may be a first metal layer 310.
Specifically, this may be represented as follows.

Thickness 4 of fourth metal layer>Thickness 3 of
third metal layer>Thickness 12 of second metal

layer>Thickness 71 of first metal layer

(when n 15 4)

By doing this, the electrical conductivity of the multilay-
ered thin film transparent electrode for an electrochromic
device may be arbitrarily changed so that 1t 1s applicable to
various displays.

FIG. 7 1s a cross-sectional view of a multilayered thin film
transparent electrode for an electrochromic device further
including a refractive index matching layer, according to
another exemplary embodiment of the present invention.

As 1llustrated 1n FIG. 7, the multilayered thin film trans-
parent electrode for an electrochromic device {further
includes a refractive index matching layer 500 1n a multi-
layered thin film transparent electrode structure.

Desirably, the refractive index matching layer 500 may be
located between the substrate 100 and the lower oxide layer
200.

The refractive index matching layer 500 1s a component
serving to match refractive indexes between the substrate
100 and the lower oxide layer 200.

Specifically, unlike the related art which 1s configured by
multiple layers, the refractive index matching layer 500 1s
configured 1n the form of a continuous {ilm and specifically,
may include a continuous silicon oxynitride (S1OxNy) layer
which starts from silicon dioxide S102 and continuously
changes to silicon nitride S13N4.

By doing this, the deterioration of an 1image quality of the
display due to the difference 1n refractive indexes between
the substrate 100 and the lower oxide layer 200 1s prevented.

FIG. 8 1s a flowchart illustrating a manufacturing method
of a multilayered thin film transparent electrode for an
clectrochromic device according to an exemplary embodi-
ment of the present invention.
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First, a substrate 100 which 1s formed of glass of a
transparent material or a plastic material 1s located 1n step
S10.

Next, a lower oxide layer 200 1s located on the substrate
100 1n step S20.

Next, a metal layer 300 1s located on the lower oxide layer
200 1n step S30.

Next, an upper oxide layer 400 1s located on the metal
layer 300 1n step S40.

Specifically, the metal layer 300, the lower oxide layer
200, and the upper oxide layer 400 may be formed by any
one of a pulse laser deposition process, a thermal deposition
process, an electron beam deposition process, an atomic
layer deposition process, a wet solution process including a
printing process and a spray process, and a sputtering
process.

FIG. 9 15 a flowchart illustrating a manufacturing method
of a multilayered thin film transparent electrode for an
clectrochromic device using a deposition process according
to an exemplary embodiment of the present invention.

As 1illustrated 1n FIG. 9, in a step of forming the metal
layer 300 1n which a thickness of a center portion 1s larger
than a thickness of an edge on the lower oxide layer 200,
after forming the metal layer 300 on the lower oxide layer
200, the metal layer 1s etched such that the first to n-th metal
layers satistying the following Equation 1 are included 1n
this order.

(Area of upper portion of #-2-th metal layer)>(Area
of upper portion of #-1-t/ metal layer)>(Area

of upper portion of »-th metal layer) [Equation 1]

(n 1s a natural number which 1s equal to or larger than 3)
Specifically, a step of forming a first metal layer 310
having a predetermined height on the lower oxide layer 200
and deposing an n-2-th metal layer 320 having a predeter-
mined height by a process of deposing a portion which
requires a pattern at a boundary of the first metal layer 310
using a shadow mask and forming a film 1n a portion which
does not require a pattern so as not to be deposited may be
included. This process 1s not limited to the above-described
process and a number of layers may be arbitrarily deter-
mined as intended by the person who performs the process.
The multilayered thin film transparent electrode for an
clectrochromic device which 1s comparatively durable and
has a small error may be produced by the deposition process.
FIG. 10 1s a flowchart 1llustrating a manufacturing method
of a multilayered thin film transparent electrode for an
clectrochromic device using an etching process according to
another exemplary embodiment of the present invention.
As 1llustrated i FIG. 10, 1n a step of forming the metal
layer 300 1n which a thickness of a center portion 1s larger
than a thickness of an edge on the lower oxide layer 200,
alter forming the metal layer 300 on the lower oxide layer
200, the metal layer 300 1s etched such that the first to n-th
metal layers satistying the following Equation 1 are included
in this order.

(Area of upper portion of »-2-t4 metal layer)>(Area
of upper portion of #-1-t4 metal layer)>(Area

of upper portion of n-th metal layer) [Equation 1]

(n 1s a natural number which 1s equal to or larger than 3)
Specifically, after deposing the metal layer 300 on the
lower oxide layer 200, a step of etching the remaining part
excluding an area of the n-th metal layer 340 for a prede-
termined time using an etching process and then etching a
part excluding the areas of the n-th metal layer 340 and the
n—-1-th metal layer 330 for a predetermined time may be
included. This process 1s not limited to the above-described
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process and a number of layers may be arbitrarily deter-
mined as intended by the person who performs the process.

High accuracy and vyield may be expected by minute
patterning of the etching process.

The manufacturing method of a multilayered thin film
transparent electrode for an electrochromic device of the
present invention may further include a heating process of
50 to 900° C. after performing the step of forming the upper
oxide layer 400 on the metal layer 300.

For example, the heating process at 50 to 900° C. for 20
to 60 minutes under an argon gas atmosphere 1s included and
thus the surface resistance of the multilayered thin film
transparent electrode for an electrochromic device may be
reduced.

FI1G. 11 15 a graph 1llustrating a change in transmittance of
a multilayered thin film transparent electrode for an elec-
trochromic device 1 accordance with a thickness change of
a metal layer, according to an exemplary embodiment of the
present invention and FIG. 12 1s a graph 1llustrating a change
in electrical characteristics of a multilayered thin film trans-
parent electrode for an electrochromic device in accordance
with a thickness change of a metal layer, according to
another exemplary embodiment of the present invention.

As 1llustrated 1n FIG. 11, 1t 1s understood that the metal
layer 300 1s entirely influenced by the transmittance of light
in accordance with the thickness change of 5 nm to 15 nm
of Ag metal, but 1n the visible ray region, the intluence of the
transmittance of light in accordance with the thickness
change of 5 nm to 15 nm of the Ag metal 1s relatively
insignificant.

In contrast, as illustrated in FIG. 12, 1t 1s confirmed that
the mobility of the metal layer 300 which 1s an electrical
characteristic 1s improved 1 accordance with the thickness
change of Ag metal of 5 nm to 15 nm and the resistivity 1s
reduced.

Therelore, 1t 1s possible to produce the multilayered thin
film transparent electrode for an electrochromic device
which has an improved efliciency without affecting the
transmittance of light.

Although a specific exemplary embodiment of the present
disclosure has been described, 1t should be understood that
various modification may be allowed without departing from
the scope of the present disclosure. Theretfore, the scope of
the present invention should not be limited to the described
embodiment but should be determined by the claims to be
described below and equivalents thereof.

As described above, although the present disclosure has
been described by limited embodiments and drawings, the
present disclosure 1s not limited to the embodiments, and it
will be apparent to those skilled in the art to which the
present disclosure pertains that various modifications and
variations may be made from the description. Therefore, the
spirit of the present disclosure needs to be interpreted by the
appended claims and all equivalent modifications are
included within the spirit of the present disclosure.

The invention claimed 1s:

1. A multilayered thin film transparent electrode for an
clectrochromic device, the multilayered thin film transparent
clectrode comprising:
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a substrate;

a lower oxide layer disposed on the substrate;

a metal layer disposed on the lower oxide layer; and

an upper oxide layer disposed on the metal layer,

wherein a thickness of a center portion of the metal layer
1s larger than a thickness of an edge thereof, and

wherein the metal layer comprises n consecutive metal
layers disposed upon each other, each of the consecu-

tive metal layers having a different area from one
another such that for each of the consecutive metal

layer, a bottom area of an upper metal layer 1s smaller

than an upper area ol a respective lower metal layer

adjacent thereto, and n 1s a natural number which 1s
greater than or equal to 3.

2. The multilayered thin film transparent electrode of

claam 1, wherein the metal layer 1s formed of one single

metal or an alloy of two or more selected from Ag, Au, i,
N1, Mo, Cu, and Al.

3. The multilayered thin film transparent electrode of
claim 1, wherein the lower oxide layer and the upper oxide

layer are formed of one single metal or an alloy of two or
more metals selected from Ti, Ga, Al, Ge, As, Cu, Mn, Zr,

Nb, Ru, Hi, Zn, Sr, Ba, Fe, Ag, In, Re, Cr, N1, Mo, V, W, Mg,
S1, Sn, and Ta.
4. The multilayered thin film transparent electrode of
claim 1, wherein a thicknesses of the lower oxide layer and
the upper oxide layer are 10 to 1000 nm and a thickness of
the metal layer 1s 1 to 200 nm.
5. The multilayered thin film transparent electrode of
claim 1, wherein the edge of the metal layer 1s located on a
same line as an edge of the lower oxide layer.
6. The multilavered thin film transparent electrode of
claim 1, wherein a side surface of the metal layer 1s formed
to have a step shape.
7. The multilayered thin film transparent electrode of
claim 1, wherein the each of the n consecutive metal layers
have the same thickness.
8. The multilayered thin film transparent electrode of
claim 1, further comprising:
a refractive index matching layer.
9. A manufacturing method of a multilayered thin film
transparent electrode for an electrochromic device, the
method comprising:
preparing a substrate;
forming a lower oxide layer on the substrate;
forming a metal layer on the lower oxide layer, wherein
a thickness of a center portion of the metal layer 1s
larger than a thickness of an edge thereof; and

forming an upper oxide layer on the metal layer,

wherein the metal layer comprises n consecutive metal
layers disposed upon each other, each of the consecu-
tive metal layers having a different area from one
another such that for each of the consecutive metal
layer, a bottom area of an upper metal layer 1s smaller
than an upper area of a respective lower metal layer
adjacent thereto, and n 1s a natural number which 1s
greater than or equal to 3.

10. The manufacturing method of claim 9, further com-
prising;:

after the forming of the upper oxide layer on the metal

layer, heating at 50 to 900° C.
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